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Abstract 
We examined the effect of heavy-LQWHQVLW\ µSULPLQJ¶ H[HUFLVH on the rate of adjustment of 
pulmonary O2 XSWDNH Ĳ9  22p) initiated from elevated intensities. Fourteen men (separated into 
two groups Ĳ9  22pV >)DVW@ RU Ĳ9  22p>25s [Slow]) completed step-transitions from 20W-to-
45%lactate threshold (LT; lower-step, LS) and 45%-to-90%LT (upper-step, US) performed (i) 
without; and (ii) with US preceded by heavy-intensity exercise (HUS). Breath-by-breath 9  22p 
and near-infrared spectroscopy-derived muscle deoxygenation ([HHb+Mb]) were measured. 
Compared to LS Ĳ9  22p was greater (p<0.05) in US in both Fast (LS, 19±4s; US, 30±4s) and 
Slow (LS, 25±5s; US, 40±11s) with Ĳ9  22p in US being lower (p<0.05) in Fast. In HUSĲ9  22p in 
Slow was reduced (28±8s, p<0.05) and was not different (p>0.05) from LS or Fast group US. In 
Slow, Ĳ>++E+Mb] increased (p<0.05) in US relative to HUS; this finding coupled with a 
reduced Ĳ9  22p indicates a priming-induced improvement in matching of muscle O2 delivery-to-
O2 utilization during transitions from elevated intensities in those with Slow but not Fast 9  22p 
kinetics.  
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Abstract 1 
We examined the effect of heavy-LQWHQVLW\ µSULPLQJ¶ H[HUFLVH RQ WKH UDWH RI DGMXVWPHQW RI2 
pulmonary O2 XSWDNH Ĳ9  22p) initiated from elevated intensities. Fourteen men (separated into 3 
WZRJURXSV Ĳ9  22pV >)DVW@ RU Ĳ9  22p>25s [Slow]) completed step-transitions from 20W-to-4 
45%lactate threshold (LT; lower-step, LS) and 45%-to-90%LT (upper-step, US) performed (i) 5 
without; and (ii) with US preceded by heavy-intensity exercise (HUS). Breath-by-breath 9  22p 6 
and near-infrared spectroscopy-derived muscle deoxygenation ([HHb+Mb]) were measured. 7 
&RPSDUHG WR/6 Ĳ9  22p was greater (p<0.05) in US in both Fast (LS, 19±4s; US, 30±4s) and 8 
6ORZ/6V86VZLWKĲ9  22p in US being lower (p<0.05) in )DVW,Q+86Ĳ9  22p in 9 
Slow was reduced (28±8s, p<0.05) and was not different (p>0.05) from LS or Fast group US. In 10 
6ORZ Ĳ>++E0E@ LQFUHDVHG S LQ 86 UHODWLYH WR +86 WKLV ILQGLQJ FRXSOHG ZLWK D11 
UHGXFHGĲ9  22p indicates a priming-induced improvement in matching of muscle O2 delivery-to-12 
O2 utilization during transitions from elevated intensities in those with Slow but not Fast 9  22p 13 
kinetics.  14 
 15 
Keywords: O2 uptake kinetics, near-infrared spectroscopy, muscle oxygenation, priming 16 
exercise 17 
 18 
 19 
 20 
 21 
 3 
1. Introduction 22 
When exercise transitions are initiated from a higher compared to lower baseline 23 
metabolic rate within the moderate-intensity exercise domain (i.e., intensities that do not 24 
HQJHQGHU DSSUHFLDEOH ODFWDWH DFFXPXODWLRQ WKH ³IXQGDPHQWDO´ SKDVH ,, FRPSRQHQW RI WKH25 
pulmonary O2 XSWDNH 9  22p UHVSRQVH UHIOHFWLQJ WKH G\QDPLF DGMXVWPHQW RI PXVFOH 9  2226 
DGMXVWVPRUHVORZO\JUHDWHUSKDVH,,9  22p time constant, Ĳ9  22pDQGZLWKDJUHDWHU9  22pJDLQ27 
ODUJHUǻ9  22pǻ:5WKDQZKHQWKHVDPHWUDQVLWLRQLVLQLWLDWHGIURPDORZHUEDseline (Bowen et 28 
al., 2011; Brittain et al., 2001; Hughson and Morrissey, 1982; Keir et al., 2016a, 2016b, 2014; 29 
MacPhee et al., 2005; Williams et al., 2013). These responses have been attributed to starting the 30 
H[HUFLVHIURPDOHVVIDYRXUDEOHLQWUDPXVFXODUµHQHUJHWLFVWDWH¶FRQVHTXHQWWRWKHHOHYDWHGOHYHORI31 
muscle metabolism (Bowen et al., 2011; Grassi et al., 2011; Meyer and Foley, 1996; Wüst et al., 32 
2014), to slowed adjustments in convective muscle O2 delivery to support oxidative metabolism 33 
(Hughson and Morrissey, 1982; MacPhee et al., 2005), and to recruitment of motor units which 34 
are positioned higher in the muscle recruitment hierarchy and that are comprised of muscle fibre 35 
pools having lower metabolic efficiency and slower dynamic adjustment characteristics (Brittain 36 
et al., 2001; Wilkerson and Jones, 2006). 37 
,Q LQGLYLGXDOV SUHVHQWLQJ ZLWK VORZHU 9  22p kinetics (i.e., Ĳ9  22p   V ZLWKLQ WKH38 
PRGHUDWH-LQWHQVLW\ GRPDLQ SULRU KHDY\ H[HUFLVHZDV VKRZQ WR KDYH D µSULPLQJ HIIHFW¶ RQ WKH39 
9  22p response with kinetics becoming faster (i.e., a lower phase II Ĳ9  22p LQ WKH µSULPHG¶40 
FRPSDUHGWRWKHµXQSULPHG¶FRQGLWLRQ(DeLorey et al., 2007; Gurd et al., 2006, 2005; Murias et 41 
al., 2011; Spencer et al., 2013, 2012)$OVRWKHµVSHHGLQJ¶ZDVJUHDWHULQLQGLYLGXDOVSUHVHQWLQJ42 
ZLWKVORZHU9  22p NLQHWLFVLQWKHµXQSULPHG¶FRQGLWLRQ (Gurd et al., 2009, 2006, 2005; Murias et 43 
al., 2014, 2011). This effect has been linked to priming-induced: i) acute improvements in the 44 
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coordination of microvascular blood flow and O2 delivery (Murias et al., 2011; Spencer et al., 45 
2012); ii) acute reductions in the activation time for oxidative phosphorylation (Behnke et al., 46 
2002; Korzeniewski and Rossiter, 2015) through activation of rate limiting enzymes and greater 47 
delivery of oxidative substrate to mitochondria (Gurd et al., 2006; Howlett et al., 1999; Timmons 48 
et al., 1998); and iii) a combination of both mechanisms (Gurd et al., 2005).  49 
Few studies have examined the effects of heavy-intensity priming exercise on phase ,,50 
9  22p kinetics during transitions from elevated baselines. In those studies, prior exercise was 51 
demonstrated to be ineffective at reducing phase II Ĳ9  22p GXULQJ µZRUN-to-ZRUN¶ WUDQVLWLRQV52 
(DiMenna et al., 2008; DiMenna et al., 2009; DiMenna et al., 2010b), suggesting that limitations 53 
in local muscle O2 availability are unlikely to contribute to the response. However, in these 54 
studies transitions were from moderate-intensity baselines into either the heavy- or severe-55 
intensity exercise domains where 9  22p UHVSRQVHV DQG OLNHO\UHJXODWLRQRI9  22p) are markedly 56 
different from responses confined within the moderate-intensity domain (Poole et al., 2008). Our 57 
group has demonstrated that in LQGLYLGXDOVZLWK UHODWLYHO\ VORZ9  22p NLQHWLFV D SULRU ERXW RI58 
KHDY\-LQWHQVLW\ H[HUFLVH UHVXOWV LQ IDVWHU 9  22p kinetics during the subsequent transition to 59 
moderate-intensity exercise (Gurd et al., 2005; Murias et al., 2011; Scheuermann et al., 2002)60 
7KHUHIRUHLWUHPDLQVXQFHUWDLQDVWRZKDWHIIHFWDKHDY\-LQWHQVLW\SULPLQJLQWHUYHQWLRQPD\KDYH61 
RQ 9  22p kinetics when transitionLQJ IURP HOHYDWHG EDVHOLQHV ZLWKLQ WKH PRGHUDWH-LQWHQVLW\62 
GRPDLQ±SDUWLFXODUO\LQLQGLYLGXDOVKDYLQJVORZ9  22p kinetics.  63 
Recently, :LOOLDPV HW DO  UHSRUWHG WKDW IRXU ZHHNV RI KLJK-LQWHQVLW\ LQWHUYDO64 
WUDLQLQJFDXVHGDUHGXFWLRQLQĲ9  22p (relativHWRSUH-WUDLQLQJPHDVXUHV LQERWKWKHORZHU- /665 
IURPVWRVDQGXSSHU-VWHS86IURPVWRVRIDPRGHUDWH-LQWHQVLW\µGRXEOH-VWHS¶66 
SURWRFRO 7KH UHODWLYH VSHHGLQJ RI 9  22p kinetics was accompanied by an unchanged rate of 67 
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adjustment in muscOHGHR[\JHQDWLRQ >++E0E@GHULYHGXVLQJQHDU-LQIUDUHGVSHFWURVFRS\ LQ68 
ERWK /6 DQG 86 FRPSDUHG WR SUH-WUDLQLQJ PHDVXUHV DQG WKDW WKH ǻ>++E0E@ǻ9  22 ratio 69 
µRYHUVKRRW¶UHIOHFWLQJDWUDQVLHQWGHFUHDVHLQPLFURYDVFXODUEORRGIORZ-to-muscle O2 utilization 70 
and increased O2 extraction) was eliminated in US. Despite the apparent rectification of any 71 
muscle O2GHOLYHU\OLPLWDWLRQVLQ869  22p NLQHWLFVUHPDLQHGVORZHUWKDQ/6VXJJHVWLQJWKDWWKH72 
IXQGDPHQWDO FDXVH RI VORZHU 9  22p kinetics may not be related to limitations in regional O2 73 
delivery.  74 
  In light of these observations, we examined the effects of heavy-intensity priming 75 
exercise on the 9  22p and [HHb+Mb] responses to transitions from elevated baseline intensities 76 
constrained within the moderate-intensity domain whilst considering individuals with both faster 77 
and slower 9  22p kinetics. Such an experimental design could serve to elucidate the mechanisms 78 
contributing to: i) the slowing of 9  22p kinetics with transitions from elevated baseline intensities; 79 
and ii) the speeding of moderate-intensity on-transient kinetics with heavy intensity priming 80 
exercise. We hypothesized that: 1) Ĳ9  22p would be greater in US vs LS in both the faster and 81 
slower groups; 2) heavy-LQWHQVLW\ SULPLQJ H[HUFLVHZRXOG OHDG WR D UHGXFWLRQ LQ Ĳ9  22p of US 82 
(relative to unprimed control) in the slower, but not fast group; 3) the speeding of 9  22p kinetics 83 
in US in the slower group would be accompanied by a slowing in the kinetics of [HHb+Mb]. 84 
 85 
2. Methods 86 
2.1 Participants. )RXUWHHQKHDOWK\\RXQJPHQDJH\U9  22peak: 49.5 ± 5.3 P/ÂNJ-87 
1ÂPLQ-1; mean ± SD) volunteered and provided written informed consent to participate in this 88 
study. All procedures were approved by The University of Western Ontario Research Ethics 89 
Board for Health Sciences Research involving Human Subjects. Participants were recreationally 90 
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active non-smokers, who had no known cardiovascular, respiratory, metabolic or 91 
musculoskeletal disease and who were not taking any medications that might affect 92 
cardiorespiratory and hemodynamic responses to exercise. Participants were instructed not to 93 
consume food or caffeine two hours prior to visits to the laboratory for data collection and to 94 
avoid exercise 24 hours prior to testing.  95 
2.2 Preliminary Testing. (DFK SDUWLFLSDQW SHUIRUPHG D UDPS LQFUHPHQWDO H[HUFLVH WHVW96 
-:PLQWRWKHOLPLWRIWROHUDQFHRQDF\FOHHUJRPHWHUPRGHO+--5/RGH/RGH%997 
*URQLQJHQ 7KH 1HWKHUODQGV IRU GHWHUPLQDWLRQ RI SHDN9  22p 9  22peak) and estimated lactate 98 
threshold ( ); the ramp portion of the protocol was initiated after 4 min of baseline cycling at 99 
20 W. Participants were asked to maintain a cycling cadence between 60 - 70 rpm. The was 100 
estimated by visual inspection using a combination of standard gas exchange and ventilatory 101 
measures as previously described (Beaver et al., 1986). (DFKSDUWLFLSDQWZDVDVVLJQHGZRUNUDWHV102 
:5FRUUHVSRQGLQJWRWKH9  22p associated with: i) ~90% (WR90); ii) 50% of the difference 103 
betwHHQ  : DQG :5 :5 DQG LLL ǻ LH :5 FRUUHVSRQGLQJ WR a RI WKH104 
difference between DQG9  22peak). 105 
2.3 Experimental Protocol. Three separate experimental protocols were performed by 106 
each participant. Each exercise protocol began with 6 min of baseline cycling at 20 W after 107 
which distinct series of step-changes in WR were performed as follows (Fig.1): Protocol A) two 108 
step-changes in WR to 90% (i.e., WR90) (MOD1, MOD2) each lasting 6 min, separated by a 6 109 
min bout of heavy-intensity exercise aWD:5FRUUHVSRQGLQJ WRǻDVSUHYLRXVO\GHVFULEHG110 
(Scheuermann et al., 2002); Protocol B) two equal step-changes in WR performed in series from 111 
20WoWR50 (LS) and from WR50oWR90 (US), each lasting 6 min; Protocol C) two equal 112 
step-changes in WR performed in series from 20WoWR50 (LS) and from WR50oWR90 113 
LșÖ
LșÖ
LșÖ
LșÖ
LșÖ
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(HUS), each lasting 6 min, but separated by a 6 min bout of heavy-LQWHQVLW\H[HUFLVHDWǻ114 
and a subsequent 6 min bout at the previous workload (LS: 20WoWR50, WR50oǻ115 
ǻoWR50; HUS: WR50o90% ). During all trials, participants maintained a cadence of 116 
~70 rpm. Each participant completed 3-6 repeats of each protocol in a randomized order. The 117 
larger amplitude of the 9  22p response due to a larger increase in WR resulted in each participant 118 
completing 3 repeats of Protocol A. In order to ensure a high signal-to-noise ratio for a protocol 119 
utilizing smaller 9  22p amplitude, 6 repeats were performed for Protocols B and C. In all cases, 120 
only one exercise trial was performed per visit.  121 
2.4 Data Collection 122 
During each trial participants wore a noseclip and breathed through a mouthpiece for 123 
breath-by-breath gas-exchange measurement. Inspired and expired volumes and flow rates were 124 
measured using a low dead space (90 mL) bidirectional turbine (Alpha Technologies, VMM 110) 125 
and pneumotach (Hans Rudolph, Model 4813) positioned in series from the mouthpiece (total 126 
apparatus dead space was 150 mL); respired air was sampled continuously at the mouth and 127 
analysed by mass spectrometry (Innovision, AMIS 2000, Lindvedvej, Denmark) for fractional 128 
concentrations of O2, CO2 and N2. The volume turbine was calibrated before each test using a 129 
syringe of known volume (3 L) over a range of flow rates and the pneumotach was adjusted for 130 
zero flow. Gas concentrations were calibrated with precision-analyzed gas mixtures. The time 131 
delay between an instantaneous, square-wave change in fractional gas concentration at the 132 
sampling inlet and its detection by the mass spectrometer was measured electronically by 133 
computer. Respiratory volumes, flows, and gas concentrations were recorded in real-time used to 134 
build a profile of each breath. Alveolar gas exchange was calculated on a breath-by-breath basis 135 
using the algorithms of Swanson (1980). 136 
LșÖ
 8 
2.5 Near-infrared spectroscopy. Local muscle deoxygenation ([HHb+Mb]) of the vastus 137 
lateralis muscle was monitored continuously with a frequency-domain multi-distance near-138 
infrared spectroscopy (NIRS) system (Oxiplex TS, Model 95205, ISS, Champaign, IL, USA) as 139 
described elsewhere (Spencer et al., 2012). The probe was placed on the belly of the muscle, 140 
midway between the lateral epicondyle and greater trochanter of the femur; it was secured in 141 
place with an elastic strap and bandage tightened to prevent movement and covered with an 142 
optically-dense, black vinyl sheet, thus minimizing the intrusion of extraneous light and loss of 143 
NIR light. The NIRS measurements were collected continuously for the entire duration of each 144 
trial. Briefly, the system comprised a single channel of eight laser diodes operating at two 145 
ZDYHOHQJWKV Ȝ DQGQPIRXUDWHDFKZDYHOHQJWKSXOVHGLQD UDSLGVXFFHVVLRQ146 
MHz) and a photomultiplier tube. The lightweight plastic NIRS probe (connected to laser diodes 147 
and photomultiplier tube by optical fibers) consisted of two parallel rows of light emitter fibers 148 
and one detector fiber bundle; the source-detector separations for this probe were 2.0, 2.5, 3.0, 149 
and 3.5 cm for both wavelengths. 150 
The NIRS was calibrated in accordance with manufacturer guidelines at the beginning of 151 
each testing session following an instrument warm-up period of at least 20 min. Calculation of 152 
[HHb+Mb] reflectHG FRQWLQXRXV PHDVXUHPHQWV RI D UHGXFHG VFDWWHULQJ FRHIILFLHQW ȝs¶ PDGH153 
throughout each testing session (i.e., constant scattering value not assumed). To improve the 154 
signal-to-noise ratio a moving average was applied to the NIRS signal with a measurement 155 
averaging period of 1000 ms and a scatter averaging period of 50,000 ms. Data were stored 156 
online at an output frequency of 25 Hz, but were reduced to 1 s bins for all subsequent analyses.  157 
2.6 Data Analysis 158 
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%UHDWK-E\-EUHDWK9  22p data were edited by removing data that lay outside 3 SD of the 159 
local mean (Lamarra et al., 1987). The remaining data were interpolated to 1 s intervals, and 160 
time-DOLJQHG VXFK WKDW WLPH ³]HUR´ UHSUHVHQWHG WKH LQLWLDWLRQ RI WKH VWHS-increase in WR. The 161 
remaining data were linearly interpolated on a second-by-second basis, using the protocol where 162 
values removed by editing were replaced by data joined by straight-line segments (refer to Keir 163 
et al.,/LNH-WULDOVZHUHHQVHPEOH-DYHUDJHGDQGIXUWKHUDYHUDJHGLQWRVWLPHELQV7KHRQ-164 
WUDQVLHQW UHVSRQVHV IRU 9  22p and [HHb+Mb] were modelled using the following exponential 165 
equation:  166 
   Y(t) = YBSL + A (1 ± e-(t-TD)/Ĳ)     Equation 1  167 
where Y(t) represents the value of the dependent variable at any given time (t); YBSL is the steady-168 
state baseline value of Y before an increase in WR (given as the average Y value in the 60 s 169 
period immediately prior to a transition); A is the amplitude of the increase in Y above YBSL; ĲLV170 
the time constant representing the time to attain 63% of the steady-state amplitude; and TD 171 
represents the mathematically generated time delay at which the exponential model is predicted 172 
to intersect YBSL. The functional gain (G RI WKH SKDVH ,, 9  O2p response was calculated as 173 
ǻ9  22pssǻ:5POāPLQí·Wí), where 9  22pss is steady-state increase in 9  22p above baseline and 174 
ǻ:5LVWKHFKDQJHLQ:5LQ:Data were modelled from the phase I-phase II transition to the 175 
end of the 6 min exercise transition using non-linear least-squares regression (Origin 8.5; 176 
OriginLab, Northampton, MA). The 95% confidence interval (CI95) for the estimated time 177 
constant was determined after preliminary fit of the data with YBSL, A and TD constrained to the 178 
best-fit values and the Ĳ allowed to vary. Phase I was excluded from the fitting window by 179 
progressively moving the window (from ׽35 s) back towards time zero while examining the 180 
flatness of the residual profile and values of CI95 [where CI95 is equal to the SE (derived from the 181 
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sum of squared residuals from the model parameter estimates) multiplied by the t-distribution 182 
value for the 2.5% two-tailed dimensions]. The window that yielded the flattest residuals (visual 183 
inspection) and most reduced CI95 was considered as the mono-exponential region (Rossiter et 184 
al., 2001); note that there are other methods that the influence of phase I may be avoided (Murias 185 
et al., 2011b). The mean response time (MRT-9  22p) of 9  22p was characterized from a fit of the 186 
9  22p response from t=0 to the end of the exercise. The NIRS-derived [HHb+Mb] profiles were 187 
time-aligned and ensemble-averaged into 5 s bins to yield a single response time for each 188 
subject. The time-course of adjustment for the [HHb+Mb] profile has been previously described 189 
as consisting of a time delay at the onset of H[HUFLVH ZLWK D VXEVHTXHQW ³H[SRQHQWLDO-OLNH´190 
increase in the signal with time of exercise (DeLorey et al., 2003). The time delay for the 191 
[HHb+Mb] response (TD-[HHb+Mb]) was determined visually using second-by-second data and 192 
corresponded to the time, after the onset of exercise, at which the [HHb+Mb] signal increased 193 
above 1 SD of the pre-transition baseline value. Determination of the TD-[HHb+Mb] was made 194 
on individual response profiles and averaged over the number of trial repeats for that individual. 195 
The ensemble-averaged [HHb+Mb] responses were modeled from TD-[HHb+Mb] with a 196 
monoexponential function of the form in Eq. 1 to determine the time course of muscle 197 
>++E0E@Ĳ>++E0E@%DVHOLQH>++E0E@>++E0E@BSL) values were fixed as the mean 198 
value in the 60 sSHULRGOHDGLQJXSWRDWUDQVLWLRQVLPLODUWR9  22p described previously. Whereas 199 
the Ĳ[HHb+Mb] describes the time course for the increase in [HHb+Mb], the effective time 200 
constant, or MRT, of [HHb+Mb] (MRT-[HHb+Mb] = TD->++E0E@Ĳ>++E0E@GHVFULEHG201 
the overall time course of the [HHb+Mb] from the onset of each step transition. The [HHb+Mb] 202 
at the end of each step ([HHb+Mb]end-step) was computed from the average of the last 60 s of each 203 
step transition. 204 
 11 
2.7 Statistics  205 
Values are presented as mean r 6' 3DUDPHWHU HVWLPDWHV IRU9  22p and NIRS-derived 206 
[HHb+Mb] data using a two-way (Group x Condition) repeated measures analyses of variance 207 
(ANOVA) to determine statistical significance for the dependent variables. When interactions 208 
were identified, Tukey¶V SRVW-hoc analysis was used. Pearson product moment correlation 209 
coefficients were used to determine the degree of association amongst key variables. 210 
All statistical analyses were performed using SigmaPlot 11 (Systat, California, USA).  211 
Statistical significance was accepted at p<0.05. 212 
3. Results 213 
By design, participants were separated into two groups based on 9  22p kinetics from 214 
MOD1 Ĳ9  22p  V )DVW JURXSQ  Ĳ9  22p range: 19 s -  V DQG Ĳ9  22p > 25 s (Slow 215 
JURXSQ Ĳ9  22p range: 26 s - 48 s). The two groups were not different for 9  22peak (Fast, 4.04 216 
/ÂPLQ-16ORZ/ÂPLQ-1), WRpeak (Fast, 345 ± 17 W; Slow, 331 ± 12 WDQG217 
9  22p and WR associated with  (Fast, /ÂPLQ-1 and 131 ± 34 W, respectively; Slow, 218 
2.19 ± /ÂPLQ-1 and 130 ± 27 W, respectively). As such, the WRs corresponding to WR50 219 
LH:5 XVHG IRU /6:5 LH:5 XVHG IRU02'86 DQG+86 DQG ¨ZHUH QRW220 
different between the Fast (WR50, 75 ± 17 W; WR90, 131 ± 34 W; ¨232 ± 34 W) and 221 
Slow groups (WR50, 75 ± 13 W; WR90, 130 ± 27 W; ¨231 ± 30 W)7KH VWHDG\-VWDWH222 
9  22pss associated with all moderate-intensity WRs did not exceed the 9  22p corresponding to 223 
in any of the participants. 224 
9լ 22p kinetics 225 
3.1.1 MOD1-MOD2 Transition. 7KH9  22p NLQHWLF SDUDPHWHU HVWLPDWHV DUH GLVSOD\HG LQ226 
7DEOH%\GHVLJQĲ9  22p in MOD1 was lower (p<0.05) in Fast (21 ± 2 s) compared to Slow 227 
LșÖ
LșÖ
 12 
(32 ± 7 s)$IWHUKHDY\-LQWHQVLW\µSULPLQJ¶H[HUFLVHWKHUHZDVQRFKDQJHLQĲ9  22p LQ)DVWEXWLQ228 
6ORZĲ9  22p was reduced (to 24 ± 2 s; SDQGQRWGLIIHUHQWIURP)DVW02'DQG02'229 
7KH UHGXFWLRQ Ĳ9  22p EHWZHHQ02' DQG02'ZDV SRVLWLYHO\ FRUUHODWHG U    S230 
ZLWKWKHLQLWLDOĲ9  22p in MOD1 (Figure 2A).  231 
3.1.2 LS-US Transition. The parameter estimates for the on-transient 9  22pUHVSRQVHVDQG232 
WKH JURXSPHDQ HQVHPEOH-DYHUDJHG9  22p SURILOHV WR /6-86 IRU WKH)DVW DQG6ORZ JURXSV DUH233 
SUHVHQWHGLQ7DEOHDQG)LJXUH$%UHVSHFWLYHO\7KHWUDQVLWLRQWR86ZDVLQLWLDWHGIURPDQ234 
HOHYDWHG9  22pbsl and despite LGHQWLFDOǻ:5IRU/6DQG86ERWKĲ9  22p and G were greater in US 235 
compared to LS in both groups (p<0.05).  236 
3.1.3 LS-HUS Transition. The parameter estimates for the on-transient 9  22p UHVSRQVHV237 
DQGWKHJURXSPHDQHQVHPEOH-DYHUDJHG9  22p profiles to LS-HUS for the Fast and Slow groups 238 
are presented in Table 2 and Figure 3 (C, D), respectively.  The LS to HUS transition consisted 239 
of two equal step-changes in WR performed in series from 20WoWR50 (LS) and from 240 
WR50oWR90 (HUS), each lasting 6 min, but separated by a 6 min bout of heavy-intensity 241 
H[HUFLVH DW ǻ DQG D VXEVHTXHQW  PLQ ERXW DW WKH SUHYLRXV ZRUNORDG $ 6WXGHQW¶V W-WHVW242 
FRQILUPHGWKDWWKHUHZHUHQRGLIIHUHQFHVLQERWK9  22p and NIRS-derived parameter estimates for 243 
LS from both protocols B and C (p<0.05), therefore these data were averaged into a single value 244 
(LS) for all subsequent comparisons 245 
,QWKH)DVWJURXSDIWHUµSULPLQJ¶H[HUFLVHĲ9  22p remained greater (p<0.05) in HUS (30 246 
± 5 s) than in LS (19 ± 4 s) but was not different from US (30 ± 4 s)+RZHYHU LQ WKH6ORZ247 
JURXSµSULPLQJ¶H[HUFLVHUHVXOWHGLQDVSHHGLQJRI9  22pNLQHWLFVVXFKWKDWWKHĲ9  22p in HUS (28 248 
± 8 s) was not different to LS (21 ± 5 s)DQGOHVVWKDQWKHĲ9  22p in US (40 ± 11 s) (p<0.05)7KH249 
UHGXFWLRQLQĲ9  O2pEHWZHHQ+86DQG86ZDVOLQHDUO\FRUUHODWHGZLWKĲ9  22p LQWKHµXQSULPHG¶250 
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US condition (r = 0.73; p<0.05; Figure 2B). In both the Fast and Slow groups, after the heavy-251 
LQWHQVLW\ µSULPLQJ¶ H[HUFLVH WKH G in HUS was not different to LS but lower than in US 252 
(p<0.05).  253 
3.2 [HHb+Mb] Kinetics  254 
3.2.1 MOD1-MOD2 Transition. The parameter estimates for muscle [HHb+Mb] kinetics 255 
are presented in Table 1. There were no differences in any [HHb+Mb] kinetic parameters 256 
between the Fast and Slow groups during MOD1 (Table 1). In both groups, the [HHb+Mb]bsl 257 
was lower (p<0.05) but the [HHb+Mb]amp was greater (p<0.05) in MOD2 than in MOD1. Also, 258 
in both groups, TD->++E0E@ZDVVKRUWHUSDQGWKHĲ>++E0E@ZDVJUHDWHUS259 
in MOD2 than in MOD1, and as a consequence WKHRYHUDOOĲ¶>++E0E@ZDVQRWGLIIHUHQWLQWKH260 
Fast group in MOD1 and MOD2 but was greater (p<0.05) in MOD2 in the Slow group (Table 1).  261 
3.2.2 LS-US Transition. The group mean [HHb+Mb] kinetic parameter estimates and 262 
group mean profiles for the LS-US transition are displayed in Table 3 and Figure 4A.  For both 263 
groups, the [HHb+Mb]bsl was elevated (p<0.05) and the [HHb+Mb]amp was not different in US 264 
compared to LS.  Also, in both groups, a shorter TD-[HHb+Mb] (p<0.05) and greater 265 
Ĳ>++E0E@SLQ86WKDQLQ/6UHVXOWHGLQDQRWGLIIHUHQWRYHUDOOĲ¶>++E0E@LQ86DQG266 
/6+RZHYHUZKLOHWKHĲ>++E0E@DQGĲ¶>++E0E@ZHUHQRWGLIIHUHQWIRUERWKJURXSVLQ/6267 
GXULQJ86WKHĲ>++E0E@EXWQRWĲ¶>++E0E@ZDVVKRUWHUSLQWKH6ORZWKDQLQWKH268 
Fast group (Table 3). 269 
 3.2.3 LS-HUS Transition. In both groups, TD-[HHb+Mb] was shorter (p<0.05) and 270 
Ĳ>++E0E@ZDV JUHDWHU S LQ+86 WKDQ LQ/6 7DEOH Ĳ>++E0E@ LQ+86DQG86271 
ZHUHQRWGLIIHUHQWLQWKH)DVWJURXSEXWLQWKH6ORZJURXSĲ>++E0E] was greater (p<0.05) in 272 
+86WKDQLQ867DEOH$OVRLQWKH)DVWJURXSWKHRYHUDOOĲ¶>++E0E@ZDVQRWGLIIHUHQWLQ273 
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+86/6DQG86EXWLQWKH6ORZJURXSĲ¶>++E0E@ZDVJUHDWHUSLQ+86FRPSDUHGWR274 
both LS and US, and was greater (p<0.05) than the Fast group in HUS but not US.  275 
4. Discussion 276 
,Q WKLV VWXG\ WKH HIIHFW RI KHDY\-LQWHQVLW\ µSULPLQJ¶ H[HUFLVH RQ 9  22p and muscle 277 
deoxygenation kinetics was examined in response to moderate-intensity step-transitions initiated 278 
from a raised baseline WR LQ LQGLYLGXDOV ZLWK VORZ FRPSDUHG WR IDVW 9  22p NLQHWLFV <RXQJ279 
DGXOWVPHDQDJH\UVZHUHJURXSHGDFFRUGLQJWRZKHWKHUWKH\H[SUHVVHGVORZHUĲ9  22p!280 
V RU IDVWHU Ĳ9  22p   V 9  22p kinetics based on a preliminary step-transition to a WR 281 
corresponding to ~90% (WR90). Consistent with previous studies (Bowen et al., 2011; 282 
Brittain et al., 2001; Keir et al., 2016b, 2014; MacPhee et al., 2005; Williams et al., 2013) DOO283 
SDUWLFLSDQWVLQERWKWKH)DVWDQG6ORZJURXSVGHPRQVWUDWHGDJUHDWHUSKDVH,,Ĳ9  22p and greater 284 
G when step-WUDQVLWLRQVRI VLPLODUǻ:5ZHUH LQLWLDWHG IURPDKLJK 86FRPSDUHG WRD ORZHU285 
(LS) baseline intensity, each within the moderate-intensity domain. The novel finding was that 286 
heavy-LQWHQVLW\µSULPLQJ¶H[HUFLVHZDVHIIHFWLYHLQUHGXFLQJĲ9  22pLHVSHHGLQJ9  22p kinetics) 287 
in the Slow group, but not the Fast group, during exercise on-WUDQVLWLRQV IURP ORZ02'ĺ288 
M2'6ORZVĺV)DVWVĺVDQGHOHYDWHGEDVHOLQH:5V86ĺ+866ORZ289 
VĺV)DVWVĺV7KHVSHHGLQJRI922p NLQHWLFVDIWHUµSULPLQJ¶H[HUFLVHLQWKH6ORZ290 
group was accompanied by a slowing of [HHb+Mb] kinetics (longer W and W¶VXJJHVWLQJWKDWWKH291 
dynamics of muscle O2 utilization were enhanced consequent to improved muscle perfusion 292 
which reduces the reliance on O2 extraction during the early transition to exercise 293 
These findings suggest that for the Slow group, but not the Fast group, any limitation 294 
imposed on the adjustment of muscle O2 XWLOL]DWLRQGXULQJ86ZDVRYHUFRPHFRQVHTXHQW WR D295 
LșÖ
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ERXW RI KHDY\-LQWHQVLW\ µSULPLQJ¶ H[HUFLVH )XUWKHUPRUH DIWHU µSULPLQJ¶ H[HUFLVH WKH 9  22p 296 
kinetics in US were not different from LS for the Slow group.  297 
7KDW9  22p kinetics were faster in LS compared to US is consistent with other studies that 298 
H[DPLQHG ³PXOWL-VWHS´ H[HUFLVH ZLWKLQ WKH PRGHUDWH-intensity domain (Bowen et al., 2011; 299 
Brittain et al., 2001; Keir et al., 2016b, 2014; MacPhee et al., 2005; Williams et al., 2013). 300 
Furthermore, the finding that heavy-LQWHQVLW\ µSULPLQJ¶ H[HUFLVHZDV DVVRFLDWHGZLWK D JUHDWHU301 
reduction in Ĳ9  22p during subsequent moderate-intensity exercise in those individuals having 302 
³VORZHU´FRPSDUHG WR³IDVWHU´9  22p kinetics also is consistent with previous findings (Chin et 303 
al., 2010; Gurd et al., 2009, 2006, 2005; Murias et al., 2011). Therefore, this discussion will 304 
focus on the novel finding: a bouW RIKHDY\-LQWHQVLW\SULPLQJH[HUFLVH LV HIIHFWLYH DW VSHHGLQJ305 
9  22p NLQHWLFV RI PRGHUDWH-LQWHQVLW\ ZRUN-WR-ZRUN WUDQVLWLRQV LQ WKRVH ZLWK VORZ EXW QRW IDVW306 
9  22p kinetics.  307 
In the present study, a bout of heavy-intensity 'priming' exercise resulted in a sSHHGLQJRI308 
9  22pNLQHWLFVLQ+86LQWKRVHZLWKVORZ!V9  22pNLQHWLFV,QWKLVJURXSWKHµSULPLQJ¶ERXW309 
UHVXOWHGLQERWKIDVWHU9  22pNLQHWLFVLQ+86Ĳ9  22paVUHODWLYHWR86Ĳ9  22p ~40s) and an 310 
LQFUHDVHLQERWKĲ>++E0E@DQGĲ¶>++E0E@LQ+86UHODWLYHWR86Ĳ>++E0E@YVV311 
DQGĲ¶>++E0E@YVVIRU86YV+86UHVSHFWLYHO\7KHIDVWHUDGMXVWPHQWRIPXVFOH22312 
XWLOL]DWLRQ LQIHUUHG IURP WKH VPDOOHU SKDVH ,, Ĳ9  22p) was associated with an earlier onset of 313 
muscle deoxygenation (smaller TD-[HHb+Mb]) but a slower time course of fractional O2 314 
H[WUDFWLRQ ODUJHU Ĳ>++E0E@ DQG Ĳ¶>++E0E@ VXJJHVWLQJ WKDW PXVFOH PLFURYDVFXODU315 
SHUIXVLRQOLNHO\ZDVHQKDQFHGLQ86DIWHUµSULPLQJ¶H[HUFLVHDVORZHUUDWHRIGHR[\JHQDWLRQLQ316 
the presence of faster rate of muscle O2 utilization is consistent with a greater O2 delivery). 317 
MacPhee et al., (2005) demonstrated that transitions of moderate-intensity knee-extension 318 
 16 
exercise initiated from high vs. low baseline metabolic rates were associated ZLWKVORZHUNLQHWLFV319 
RIERWK9  22pDQGIHPRUDOFRQGXLWDUWHU\EORRGIORZDVZHOODVDORZHUVWHDG\-VWDWHEORRGIORZ-320 
WR-9  22pUDWLR+HDY\-LQWHQVLW\µSULPLQJ¶H[HUFLVHFRXOGFRQWULEXWHWRVSHHGLQJRI9  22p kinetics 321 
during a subsequent US exercise bout via i) greater bulk muscle (conduit artery) blood flow and 322 
local muscle microvascular blood flow and O2 delivery, ii) rightward-shift of the oxyhemoglobin 323 
dissociation curve (induced via changes in acidosis, PCO2 and temperature), iii) greater O2 flux 324 
from tKHFDSLOODU\LQWRPXVFOHFRQVHTXHQWWRDJUHDWHUPXVFOHPLFURYDVFXODUEORRGIORZ-WR-9  22 325 
ratio facilitating a greater capillary PO2 and O2 driving pressure, iv) improved muscle O2 326 
diffusing capacity related to an increase in functional capillary surface area (i.e., related to a 327 
greater capillary red blood cell volume in contact with the muscle membrane), v) greater 328 
intracellular PO2 and O2 flux across the mitochondrial membrane, or vi) more rapid activation of 329 
rate-limiting oxidative enzymes and/or enhanced delivery of oxidative substrate to the 330 
mitochondrial tricarboxylic acid (TCA) cycle and electron transport system (ETS) (Gerbino et 331 
al., 1996; Burnley et al., 2000; DiMenna et al., 2010c; Spencer et al., 2012 Gurd et al., 2006; 332 
Gurd et al., 2009). Our data suggest that microvascular blood flow distribution may have been 333 
improved in HUS and, at least in part, FRQWULEXWHGWRDVSHHGLQJRI9  22p kinetics during work-to-334 
work transitions, but in the Slow group only. However, faster adjustments and flux through 335 
metabolic pathways in the Slow, but not the Fast, group cannot be discounted. Alterations of 336 
microvascular blood flow distribution between the Slow and Fast groups may accompany our 337 
REVHUYDWLRQ WKDW \RXQJ KHDOWK\ LQGLYLGXDOV FDQ SUHVHQW ZLWK D EURDG UDQJH RI LQLWLDO Ĳ9  22p 338 
values, in agreement with previous findings (Murias et al., 2011; Nederveen et al., 2014). 339 
$OWKRXJK DQ LQYHUVH DVVRFLDWLRQ EHWZHHQ Ĳ9  22p and 9  22peak has been reported previously 340 
(Chillibeck et al., 1996; Gurd et al., 2005; Murias et al., 2011), in the present study no 341 
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relationship was observed between fitness (9  22peakDQGĲ9  22p (-0.43, p>0.05) - in fact, some 342 
individuals presenting with the highest 9  22peak (e.g., 56 mL kg-1 min-1) were in the Slow group 343 
LHĲ9  22p = 39 s).  Findings by Wust et al. (2013) suggest that the 9  22p rate constant (k = 1/W) 344 
in single muscle cells is linearly correlated with the cellular 9  22max, a finding that is reflected at 345 
the whole body level across multiple species ranging widely in 9  22max (reviewed by Poole and 346 
Jones, 2012).  In the present study, we did not find a significant relationship between k and 347 
9  2max (R = 0.362, p > 0.05), perhaps as a consequence of the relatively narrow ranges for both 348 
9  2max and Ĳ9  22p (and thus k).  Although not a focus of the present study, the lack of relationship 349 
between measures of fitness and 9  22p kinetics (as assessed by the tau or k) may not be 350 
surprising, leading one to speculate that the speed of adjustment of 9  22p might be an important 351 
independent predictor of health, fitness and tolerance for exercise and daily activities (Rossiter, 352 
2011). 353 
:H PDNH WKH REVHUYDWLRQ WKDW ZKLOH WKH 6ORZ JURXS H[KLELWHG IDVWHU 9  22p NLQHWLFV354 
IROORZLQJµSULPLQJ¶H[HUFLVH9  22pNLQHWLFVZHUHQRWDIIHFWHGLQWKH)DVWJURXS±WKLVGHVSLWHWKH355 
Ĳ9  22p being ~60% greater in US than in LS. Furthermore, in Fast, [HHb+Mb] kinetics were not 356 
different between US and HUS. Taken together, it appears that any priming-induced increase in 357 
O2 delivery may contribute (but not completely eliminate) the slower 9  22p kinetics in the HUS 358 
in the Slow group, but have no effect on HUS 9  22p kinetics in Fast. However, there appears to a 359 
limit to these improvements in O2 delivery in Slow (~28s Ĳ9  22p) following priming, such that 360 
they are similar to observed in Fast (~30s Ĳ9  22p). Therefore, regardless of whether or not 361 
individuals were sped following a priming bout of exercise, these data suggest that there may be 362 
mediators other than O2 delivery that limit the adjustment to mitochondrial oxidative 363 
phosphorylation and contrLEXWH WR VORZHG9  22p when exercise transitions are initiated from an 364 
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elevated metabolic rate. A raised metabolic rate in muscle is associated with a disruption to the 365 
PHWDEROLF ³VWDELOLW\´ ZLWKLQ WKH DFWLYH PXVFOH LH LQFUHDVHG PXVFOH >++], [ADPfree], [Pi], 366 
[AMPfree], [IMPfree@DQGUHGXFWLRQ LQ >3&U@ >$73@DQG OHVVQHJDWLYH¨*ATP), and presumably 367 
would occur in individuals regardless of whether their initial W9  22p could be considered fast or 368 
slow
. 
Collectively, a greater perturbation of the PHWDEROLF HQYLURQPHQW SULRU WR WKH RQVHW RI369 
H[HUFLVHWUDQVLWLRQVLQSDUWPD\EHUHVSRQVLEOHIRUJUHDWHUĲ9  22p elicited during transitions from 370 
elevated levels of metabolism. 371 
Alternatively, transitions from elevated baseline metabolic rates recruits addiWLRQDOPRWRU372 
XQLWVDQGWKXVWKHVORZHU9  22p kinetics and greater G may reflect the metabolic and contractile 373 
characteristics of the newly recruited muscle fibres (Brittain et al., 2001; Wilkerson and Jones 374 
2006; Keir et al., 2016a, Keir et al., 2016b) ,Q WKLV VFHQDULR DFFRUGLQJ WR +HQQHPDQ¶V VL]H375 
principle of motor unit recruitment, muscle fibres associated witK ORZ WKUHVKROG PRWRU XQLWV376 
SRVVHVVLQJORZHUĲ9  22 and GZRXOGEHUHFUXLWHGSUHIHUHQWLDOO\ZLWKH[HUFLVHWUDQVLWLRQVLQLWLDWHG377 
IRU D ORZHU EDVHOLQH :5V HJ /6 ZLWK PXVFOH ILEUHV KDYLQJ JUHDWHU Ĳ9  22p and G 378 
characteristics being recruited from transitions initiated from higher baseline WRs (e.g., as in US 379 
and HUS) (Rossiter, 2011). Also, higher order muscle units may have metabolic profiles that are 380 
less oxidative and which are perfused by vascular units having lower and slower contraction-381 
induced hyperemic responses (Behnke et al., 2003; Ferreira et al., 2006; McDonough et al., 382 
2005) DQG DUH EH DVVRFLDWHGZLWK VORZHU9  22p kinetics in both human (Barstow et al., 1996; 383 
Pringle et al., 2003) and animal (Crow and Kushmerick, 1982; Wüst et al., 2013) PRGHOV384 
7KHUHIRUH µSULPLQJ¶ H[HUFLVH VKRXOG EH PRVW HIIHFWLYH LQ VLWXDWLRQV ZKHUH 9  22p kinetics are 385 
slowed because of inadequate muscle O2 availability.  386 
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In conclusion, we showed that a bout of heavy-LQWHQVLW\ µSULPLQJ¶ H[HUFLVH ZDV387 
associated with a speeding of 9  22p kinetics (smaller Ĳ9  22p) in individuals presenting with 388 
slower (Slow, Ĳ9  22p > 25s), but not faster (Fast, Ĳ9  22p < 25s), 9  22p kinetics during step-389 
transitions into the moderate-intensity domain initiated from an elevated baseline metabolic rate. 390 
This reduction in Ĳ9  22p VXEVHTXHQWWRWKHµSULPLQJ¶H[HUFLVHDOVRZDVDVVRFLDWHGZLWKDVORZHU391 
rate of muscle deoxygenation (i.e., iQFUHDVHGĲ- DQGĲ¶-[HHb+Mb]) in the Slow, but not the Fast, 392 
group suggesting that improved microvascular O2 delivery and distribution within the active 393 
muscle fibers during the exercise on-transient may have contributed to the faster adjustment of 394 
9  22p. However, in the Fast group microvascular O2 GHOLYHU\ DSSHDUVQRW WR OLPLWPXVFOH9  22 395 
kinetics.  396 
 397 
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Figure Captions 570 
 571 
Figure 1. Schematic of three experimental exercise protocols. Left panel: MOD1 ± Hvy ± 572 
MOD2 protocol; MOD, moderate-intensity exercise (~90% ), Hvy, heavy-LQWHQVLW\³SULPLQJ´573 
exercise. Middle panel: LS ± US protocol; LS (~45% ), US (~90% ). Right panel: LS ± 574 
Hvy ± HUS protocol; LS (~45% ), Hvy, HUS (~90% ). By design, work rates at both LS 575 
and US/HUS were identical for participants.  576 
 577 
Figure 2.  3DQHO$UHODWLRQVKLSEHWZHHQWKHFKDQJHV¨LQĲ9  22p from MOD1 to MOD2 and 578 
initial MOD1 Ĳ9  22p (p<0.05). Panel (B); UHODWLRQVKLSEHWZHHQWKHFKDQJHV¨LQĲ9  22p from US 579 
to HUS and initial US Ĳ9  22p (p<0.05). Open circles denote individual data, filled square denotes 580 
group mean ± SD). Dashed diagonal line on each graph represents the line of best fit. 581 
 582 
Figure 3. Ensemble average group mean responses (~5s average, open circles) for 9  22p in 583 
response to experimental conditions. Vertical dashed lines indicate the onset of the work 584 
transition. The group mean phase II 9  22p kinetic response for each condition are superimposed 585 
over the data (black lines, fitted with a mono-H[SRQHQWLDOIXQFWLRQĲ9  22p values (±SD) are inset 586 
under each transition and residuals are shown about y = 0. Panel (A) denotes the Slow group (n = 587 
8) response to LS-US transitions; Panel (C) denotes the Slow group response to LS-Hvy-HUS 588 
transitions. Panel (B) denotes the Fast group (n = 6) response to LS-US transitions; Panel (D) 589 
denotes the Fast group response to LS-Hvy-HUS transitions 590 
 591 
Figure 4. Ensemble average group mean response for the adjustments of deoxyhemoglobin 592 
concentration ([HHb+Mb], µm) in response to experimental conditions. Vertical dashed lines 593 
indicate the onset of the work transition. Panel (A) denotes the ensemble average group mean for 594 
LșÖ
LșÖ LșÖ
LșÖ LșÖ
 25 
Slow group (black line) and for the Fast group (grey line) in response to LS-US transitions. Panel 595 
(B) denotes the ensemble average group mean for the Slow group (black line) and for the Fast 596 
group (grey line) in response to LS-HUS transitions. 597 
 598 
 599 
 600 
 601 
 602 
 603 
7DEOH.LQHWLFSDUDPHWHUHVWLPDWHVIRU9  22p and [HHb+Mb] in Fast and Slow groups during MOD1 and MOD2 1 
 2 
  FAST (n=6)  SLOW (n=8) 
Parameter  MOD1 MOD2  MOD1 MOD2 
9  22p       
9  22pbsl (L·min-1)  0.86 ± 0.07 0.98 ± 0.09  0.87 ± 0.16 1.05 ± 0.16 
9  22pss, (L·min-1)  1.89 ± 0.42 1.96 ± 0.41  1.88 ± 0.21 1.97 ± 0.25 
Ap, (L·min-1)  1.00 ± 0.39 0.93 ± 0.39  1.00 ± 0.39 0.93 ± 0.39 
Ĳ9  22p (s)  21 ± 2 21 ± 2  32 ± 7*  
C95 (s)  5 ± 2 7 ± 2  5 ± 2 6 ± 2 
G (mL·min-1·W-1)  9.3 ± 1.8 8.8 ± 1.8  9.2 ± 0.34 8.3 ± 0.5 
[HHb+Mb]       
[HHb+Mb]bsl ȝ0  23.7 ±  6.8 21.0 ± 5.3  19.7 ± 4.9 17.5 ±  3.85 
[HHb+Mb]eeȝ0  29.1 ±  8.7 29.0 ± 9.0  25.9 ± 5.1 27.4 ±  5.0 
[HHb+Mb]amp ȝ0  7.5 ± 3.6 10.7 ± 6.0  5.4 ± 2.8 8.9 ± 4.0 
TD-[HHb+Mb] (s)  8 ± 2 5 ± 4  8 ± 3 3 ± 2 
Ĳ>++E0E@V  11 ± 3 15 ± 4  9 ± 3 18 ± 4 
Ĳ
>++E0E@V  19 ± 3 20 ± 4  17 ± 4 21 ± 2  
C95 (s)  2 ± 1 2 ± 1  3 ± 1 2 ± 1 
  3 
9DOXHVDUHPHDQ6'9  22p, pulmonary O2XSWDNH9  22pbslEDVHOLQH9  22p9  22pss, steady-state 9  22p; ApDPSOLWXGHRI9  22p UHVSRQVH7'4 
WLPHGHOD\Ĳ9  22pWLPHFRQVWDQWIRU9  22p response; C95FRQILGHQFHLQWHUYDOIRUĲ9  22p; GIXQFWLRQDOJDLQ¨9  22p¨:5>++E+Mb], 5 
deoxyhemoglobin+myoglobin concentration; [HHb+Mb]bsl, baseline  [HHb+Mb]; [HHb+Mb]ee, end-exercise [HHb+Mb]; [HHb+Mb]amp, 6 
amplitude of [HHb+Mb]; TD-[HHb+Mb], time delay of [HHb+Mb]Ĳ>++E+Mb], time constant for [HHb+Mb] response; Ĳ¶>++E0E@7 
effective time constant (Ĳ + TD) for [HHb+Mb]; C95FRQILGHQFHLQWHUYDOIRUĲ>++E+Mb]. 8 
* difference from FAST (p < 0.05) 9 
GLIIHUHQFHIURP02'(p < 0.05) 10 
Table
Table 2. 9  22p kinetic parameters for lower step (LS) and upper steps (US, HUS) moderate-intensity exercise transitions 
 
 FAST (n=6) SLOW (n=8) 
Parameter LS US HUS  LS US HUS  
2pOV bsl (L·min-1) 0.82 ± 0.09 1.30 ± 0.25a 1.47 ± 0.24a 0.81 ± 0.10 1.32 ± 0.17a 1.47 ± 0.14a 
2pOV ss, (L·min-1) 1.31 ± 0.23 1.86 ± 0.43a 1.96 ± 0.38a 1.30 ± 0.17 1.91 ± 0.25a 1.93 ± 0.23a 
Ap, (L·min-1) 0.49 ± 0.18 0.56 ± 0.19a 0.49 ± 0.17 0.48 ± 0.13 0.59 ± 0.09a 0.45 ± 0.10 
TD (s) 15 ± 2 6 ± 4a 8 ± 8 13 ± 3 6 ± 6a 10 ± 7 
Ĳ 2pOV (s) 19 ± 4 30 ± 4a 30 ± 5a 25 ± 5 40 ± 11a*  
C95 (s) 7 ± 2 7 ± 2 7 ± 2 7 ± 1 7 ± 2 7 ± 2 
G (mL·min-1·W-1) 8.8 ± 1.4 10.1 ± 1.1a  8.8 ± 1.5 10.9 ± 1.3a  
O2 deficit (mL) 273 ± 80 338 ± 135a   300 ± 53 441 ± 116 a  
 
Values are means ± SD. LS, lower step; US, upper step; HUS, upper step following heavy-intensity; 9  22p, pulmonary O2 uptake; 
9  22pbsl, baseline 9  22p; 9  22pss, steady-state 9  22p; Ap, amplitude of 9  22p UHVSRQVH7'WLPHGHOD\Ĳ9  22p, time constant for 9  22p 
response; C95FRQILGHQFHLQWHUYDOIRUĲ9  22p; GIXQFWLRQDOJDLQ¨9  22p¨:5 
a difference from LS (p<0.05) 
* difference from the Fast group (p<0.05)  
GLIIHUHQFHIURP86S 
 
 
 
 
Table 3. Muscle de-oxygenation ([HHb+Mb]) kinetic parameters for lower step (LS) and upper step (US, HUS) moderate-intensity 
exercise transitions 
 
 
 FAST (n=6) SLOW (n=8) 
Parameter LS US HUS  LS US HUS  
[HHb+Mb]bsl ȝ0 22.0 ± 6.1 26.8 ± 8.5a 23.8 ± 6.7 a 19.7 ± 3.5 22.5 ± 4.8a 22.8 ± 5.2 a 
[HHb+Mb]ee ȝ0 26.1 ± 8.9 31.1 ± 11.0a 29.0 ±10.4a 22.8 ± 4.7 25.9 ± 6.2a 27.8 ± 8.1 a 
[HHb+Mbamp ȝ0 3.9 ± 2.5 4.2 ± 2.0 5.5 ± 3.3 a 3.1 ± 1.4 2.9 ± 1.4 5.0 ± 2.9 a 
TD-[HHb+Mb] (s) 13 ± 5 5 ± 3a 5 ± 3a 12 ± 3 7 ± 5a 4 ± 2a 
Ĳ>++E0E@V 8 ± 2 21 ± 5a 19 ± 9 a 10 ± 4 14 ± 5a* 24 ± 7 a 
Ĳ¶>++E0E@V 21 ± 3 26 ± 5  24 ± 9 22 ± 4 21 ± 6 28 ± 8a 
C95 (s) 4 ± 1 4 ± 1 3 ± 2 4 ± 1 4 ± 2 3 ± 2 
 
Values are means ± SD. LS, lower step; US upper step; HUS, upper step following heavy-intensity; [HHb+Mb], 
deoxyhemoglobin+myoglobin concentration; [HHb+Mb]bsl, baseline  [HHb+Mb]; [HHb+Mb]ee, end-exercise [HHb+Mb]; 
[HHb+Mb]amp, amplitude of [HHb+Mb]; TD-[HHb+Mb], time delay for [HHb+Mb]Ĳ>++E+Mb], time constant for [HHb+Mb] 
response; Ĳ¶[HHb+Mb@HIIHFWLYHWLPHFRQVWDQWĲ7' for [HHb+Mb]; C95, 95% confidence interval IRUĲ>++E+Mb].  
a difference from LS (p<0.05) 
* difference from the Fast group (p<0.05) 
GLIIHUHQFHIURP86S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